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1. 

FLEXBLE JOINT ARRANGEMENT 
NCORPORATING FLEXUREMEMBERS 

RELATED APPLICATION 

This application is a continuation of application Ser. No. 
127651,266 filed Dec. 31, 2009, which claims the benefit of 
U.S. Provisional Application No. 61/291,203 filed Dec. 30, 
2009, and U.S. Provisional Application No. 61/142,104, filed 
Dec. 31, 2008, each of which is hereby fully incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to joint or linkage arrange 
ments. More particularly, the present invention relates to a 
flexible joint arrangement including at least one flexure mem 
ber that interfaces with wrapping surfaces defined on the 
bases to which the ends of the flexure member are connected. 

BACKGROUND OF THE INVENTION 

Many devices use joint arrangements to move one part of a 
device relative to another part of the device. Such as moving 
between a collapsed configuration and an expanded configu 
ration, rotating from one position to another, or performing 
more complicated manipulations. Joint arrangements can be 
designed to repeatedly move among configurations or posi 
tions, either for an infinite number of cycles or a finite number 
of cycles, or can be designed to move between configurations 
or positions only once or a limited number of times. 
One approach for joint arrangements is to construct joints 

utilizing multiple parts where one part rotates relative to the 
other by means of sliding contact between components of the 
joint, such as a ball and socket or a pin and clevis. There are 
many known problems with Such joints. Structures utilizing a 
plurality of multi-part joints can also suffer from a problem 
known as “deadband in which movement at one end of the 
structure is not communicated to the other end until the inter 
vening clearances in the multi-part joints are taken up. Such 
joints can also be difficult and expensive to manufacture to the 
required tolerances. 

In view of these problems with rigid multi-part joints, joint 
arrangements comprised of Straps, bands or leaf springs of 
flexible materials have been used, such as described in U.S. 
Pat. Nos. 3,386,128, 4,869,552, 5,133,108, 5,196,857 and 
6,378,172. U.S. Pat. Nos. 6,175,989 and 6,772,479 describe 
flexible joint arrangements that utilize shape memory alloy 
materials. A resilient joint is disclosed in U.S. Pat. No. 7,435, 
032 that limits the maximum strain on the joint by connecting 
the ends of a flexure to cavities that limit the bend radius of the 
flexure to ensure that the maximum strain is not exceeded. 
The flexure member connects two separate structures and 
functions essentially like a standard leaf spring that stores the 
energy used to move it to the collapsed configuration in order 
to return to the expanded configuration. 
One of the significant drawbacks of conventional designs 

for flexible joint arrangements is that such joints generally 
cannot support any significant loading in either compression 
or tension, and are therefore unsuitable for devices that must 
Support Such loads. 

SUMMARY OF THE INVENTION 

Flexible joint arrangements in accordance with various 
embodiments of the present invention employ at least one 
flexure member that interfaces with wrapping Surfaces 
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2 
defined on the bases to which the ends of the flexure member 
are connected. The flexure members are configured to define 
a traveling instantaneous axis of rotation that moves along a 
path defined by the interface of the flexure and the wrapping 
Surfaces as the bases are moved relative to each other. In one 
embodiment, the flexure members and the bases are con 
structed of a monolithic material. In another embodiment, the 
wrapping Surfaces of the bases are asymmetric in cross-sec 
tional shape. In other embodiments, the radius of curvature of 
the traveling instantaneous axis of rotation is configured to 
change only in discrete quantum steps without reversals. In 
still other embodiments, the flexible joint arrangement can be 
configured as one or more three bar linkages in which the 
middle bar is relatively rigid and the outer bars are flexure 
members in accordance with the various embodiments. 

In an embodiment, a flexible joint arrangement includes a 
base, a structural member, and a flexure member connecting 
the structural member to the base that can comprise a one 
piece unitary monolithic body. The flexure member can rotate 
to allow movement of the structural member relative to the 
base between a compressed configuration and an expanded 
configuration. The base and/or the structural member can 
define a surface referred to as a wrapping Surface that pro 
vides a guide for rotation and/or wrapping of the flexure 
member as the structural member is moved relative to the base 
from the compressed configuration to the expanded configu 
ration. In various embodiments, the wrapping Surface can be 
concave, convex, or flat. 

In another embodiment, a flexible joint arrangement 
includes a top base and a bottom base. A structural member is 
disposed intermediate the top base and bottom base and a 
flexure member connects each end of the structural member 
to the bases. The flexure members are configured to rotate to 
expand the structural member to allow the top base and the 
bottom base to move between a collapsed configuration and 
an expanded configuration relative to each other. The flexure 
members can each define a traveling instantaneous axis of 
rotation that moves along the interface of the flexure member 
and the wrapping Surfaces as the top base and bottom base are 
moved between the collapsed configuration and the expanded 
configuration such that the axes of rotation travel at different 
heights within a plane transverse to the axes of rotation. 
The thickness of the flexure in relation to the bend radius of 

the wrapping surface determines the fatigue life of the flexure 
due to movement. In some embodiments, flexures can be 
configured and designed to have very long fatigue life. In 
other embodiments, flexures can be configured and designed 
to have a finite fatigue life associated with a predetermined 
range of maximum number of cycles of expansion and con 
traction. 
The above summary of various embodiments of the inven 

tion is not intended to describe each illustrated embodiment 
or every implementation of the invention. This Summary rep 
resents a simplified overview of certain aspects of the inven 
tion to facilitate a basic understanding of the invention and is 
not intended to identify key or critical elements of the inven 
tion or delineate the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be more completely understood in con 
sideration of the following detailed description of various 
embodiments of the invention in connection with the accom 
panying drawings, in which: 

FIG. 1 is a partial side view of a flexible joint arrangement 
according to an embodiment of the present invention. 
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FIG. 2A is a partial side view of a flexible joint arrange 
ment according to an embodiment of the present invention. 

FIG. 2B is a partial side view of the flexible joint arrange 
ment of FIG. 2A. 

FIG. 2C is a partial side view of the flexible joint arrange 
ment of FIG. 2A. 

FIG. 3A is a partial side view of a flexible joint arrange 
ment according to an embodiment of the present invention. 

FIG. 3B is a partial side view of the flexible joint arrange 
ment of FIG. 3A. 

FIG. 3C is a partial side view of the flexible joint arrange 
ment of FIG. 3A. 

FIG. 4A is a partial side view of a flexible joint arrange 
ment according to an embodiment of the present invention. 

FIG. 4B is a partial side view of the flexible joint arrange 
ment of FIG. 4A. 

FIG. 4C is a partial side view of the flexible joint arrange 
ment of FIG. 4A. 

FIG. 5 is a partial side view of a flexible joint arrangement 
according to an embodiment of the present invention. 

FIG. 6A is a side view of a device employing a plurality of 
flexible joint arrangements according to an embodiment of 
the present invention. 

FIG. 6B is a perspective view of the device of FIG. 6A. 
FIG. 7A is a side view of a device employing a plurality of 

flexible joint arrangements according to an embodiment of 
the present invention. 

FIG. 7B is a perspective view of the device of FIG. 7A. 
FIG. 8A is a perspective view of a device employing a 

plurality of flexible joint 5 arrangements according to an 
embodiment of the present invention. 

FIG. 8B is a side view of the device of FIG. 8A. 
FIG. 9 is a side view of a circular flexure. 
FIG. 10 is a side view of an elliptical flexure. 
FIG. 11 is a side view of a leaf flexure. 
While the invention is amenable to various modifications 

and alternative forms, specifics thereof have been shown by 
way of example in the drawings and will be described in 
detail. It should be understood, however, that the intention is 
not to limit the invention to the particular embodiments 
described. On the contrary, the intention is to cover all modi 
fications, equivalents, and alternatives falling within the spirit 
and scope of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In the following detailed description of the present inven 
tion, numerous specific details are set forthin order to provide 
a thorough understanding of the present invention. However, 
one skilled in the art will recognize that the present invention 
may be practiced without these specific details. In other 
instances, well-known methods, procedures, and components 
have not been described in detail so as to not unnecessarily 
obscure aspects of the various embodiments of the present 
invention. 

Referring to FIG. 1, there can be seen a flexure joint or 
linkage 100 according to an embodiment of the present inven 
tion. Flexure linkage 100 includes a flexure member 102 
connecting a structural member 104 to a base 106. A flexure 
member 102 is a thin, generally planar strip of material that 
allows movement of the structural member 104 relative to the 
base 106 and can support loading on the linkage 100. Struc 
tural member 104, base 106, and flexure member 102 can 
comprise a one piece unitary monolithic body. Flexure mem 
ber 102 allows a one piece linkage 100 to behave similarly to 
a device having multiple parts and a rotating pinjoint. Flexure 
members 102 can, for example, be band flexures (FIGS. 1, 
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4 
2A-2C, 3A-3C and 4A-4C), circular flexures 10 (FIG. 9), 
elliptical flexures (FIG. 10), or leaf flexures (FIG. 11). Addi 
tionally, such flexures I 02 can taper along their length or can 
have a curved cross-section. 

Base 104 can provide a wrapping surface 108 that guides 
the rotation of flexure member 102 as the structural member 
104 and base 106 are moved relative to each other and can 
provide support to flexure member 102 under loading condi 
tions. A wrapping surface 108 can be defined as a surface that 
sets the radius of curvature of the flexure throughout a dis 
crete portion of the rotation of the flexure. In the depicted 
embodiment, the wrapping Surface 108 is shown as concave, 
or inwardly curved. 

FIGS. 2A-2C depict the behavior of flexuremember 102 as 
the structural member 104 is expanded relative to the base 
106. Flexure member 102 defines a first open area, or kerf 
140a, between wrapping surface 108 and flexuremember 102 
and a second kerf 140b between inner perimeter 142 of struc 
tural member 104 and flexure member 102. When the struc 
tural member 104 is in a collapsed configuration relative to 
base 106, kerf 14.0a is wider thankerf 140b. As the structural 
member 104 is expanded from base 106, flexure member 102 
flattens out as guided by wrapping surface 108, so kerf 140b 
widens as kerf 14.0a narrows. The fulcrum around which 
flexure member 102 bends is shown by arrows 144a and 
144b. The fulcrum 144a, 144b translates along the flexure 
member 102 as it bends. Fulcrum 144a, 144b therefore travels 
in both vertical and horizontal directions. This provides for 
increased expansion of the structural member 104 relative to 
the base 106. As the fulcrum 144a, 144b moves along the 
flexure member 102, a greater portion of any compressive 
load on the linkage 100 is supported by the structural member 
104 and, accordingly, the tensile forces on the flexuremember 
102 are reduced. The linkage 100 of this embodiment is 
therefore strongest when the structural member 104 is 
expanded to its fullest extent relative to the base 104 such that 
the load is normal to the wrapping Surface. 
As can be seen in FIGS. 2A-2C, the inner perimeter 142 of 

structural member 104 also acts as a wrapping Surface for the 
flexure 102 (and the structural member 104 could be consid 
ered a second base). The wrapping Surface of the inner perim 
eter 142 and the wrapping surface 108 are asymmetrical to 
each other. Having two asymmetrical wrapping Surfaces pro 
vides a joint that is better in compression and optimizes load 
carrying capability. As the flexure 102 rotates, the radius of 
curvature at any given point on the flexure 102 is defined by 
either the inner perimeter wrapping Surface 142 or the wrap 
ping surface 108. To the left of the fulcrum 144a, 144b, the 
radius of curvature is defined by the wrapping surface 108. To 
the right of the fulcrum 144a, 144b, the radius of curvature is 
defined by the inner perimeter 142. Thus, throughout its rota 
tion each point on the flexure 102 can have only two or a 
limited number of discrete different radii of curvature, i.e., 
discrete quantum steps of radii of curvature. This is in contrast 
to the flexure joints described in U.S. Pat. No. 7,435,032, for 
example, where the flexure member acts like a leaf spring and 
has a continually changing radius of curvature through a 
predetermined range as the joint is rotated. In addition, the 
two radiuses of curvature that the flexure 102 can undergo are 
a matter of degree; they do not transition between a positive 
curvature and a negative curvature so as to undergo a reversal 
of radius of curvature, which thereby reduces the strain on the 
flexure. 

In an embodiment of a flexure linkage 200 shown in FIGS. 
3A-3B, base 204 provides a wrapping surface 208 for flexure 
members 202 that is outwardly curved (in contrast to the 
inwardly curved wrapping surfaces 108 depicted in Figures I 



US 9,381,092 B2 
5 

and 2A-2C). Flexure 202 curves around wrapping surface 
208 as structural member 204 is expanded relative to base 
206. In the collapsed state shown in FIG.3A, flexure member 
202 is parallel to an inner surface wrapping surface 242 of 
structural member 204. As the structural member 204 is 
expanded relative to base 206, flexure member 202 bends 
around wrapping surface 208, widening kerf 240b and nar 
rowing kerf240a. As shown by arrows 244a, 244b, the full 
crum translates along the length of flexure member 202 (in 
both the horizontal and vertical directions) as the device dis 
tracts. Fulcrum 244a, 244b is always perpendicular to inner 
surface 242 of structural member 204. This results in the 
entirety of a load on the linkage 200 being carried in com 
pression by the structural member 204. Therefore, there is no 
tensile force on flexure member 202. This allows flexure 
member 202 to be easily sized to enjoy an essentially infinite 
fatigue life. This embodiment allows a linkage to be con 
structed from a material. Such as initinol, that provides strong 
compressive Support when it is of large dimensions but that 
distorts easily when slender members of the same material are 
under tension or bending. Similar to flexure member 102. 
points along the flexure member 202 to the left of the fulcrum 
244a, 244b have a radius of curvature defined by wrapping 
surface 208 and points to the right of fulcrum 244a, 244b have 
a radius of curvature defined by the inner perimeter wrapping 
surface 242 as the flexure member 202 rotates. 

FIGS. 4A-4C depict a further embodiment of a flexure 
linkage 300. Wrapping surface 308 on base 306 is flat. Flex 
ure member 302 begins curved around inner surface 342 of 
structural member 304 and flattens out, thereby widening kerf 
340b and narrowing kerf 340a, as the device distracts. Ful 
crum 344a, 344b again translates along flexure member 302 
as the structural member 304 is expanded relative to base 306, 
providing increased expansion. As the structural member 304 
is expanded relative to base 306, structural member 304 Sup 
ports more of any load on linkage 300 in compression and less 
is supported by the flexure member 302 in tension. Points 
along the flexure member 302 to the left of the fulcrum 344a, 
344b have a radius of curvature defined by the wrapping 
surface 308 while points to the right of the fulcrum 344a, 
344b have a radius of curvature defined by the inner perimeter 
wrapping Surface 342. 
As depicted in the above figures, when the structural mem 

ber is fully expanded relative to the base, the flexure member 
can at least partially rest against wrapping Surface of base. 
Thus, any compressive load on structural member may be 
partially supported by base during transition or can com 
pletely rest on 345 with no load on flexure. Alternatively, a 
linkage can be configured Such that no portion of the flexure 
rests on the base, so the entirety of any load on the linkage will 
be carried by the flexure. 

The thickness of the flexure in relation to the bend radius of 
the wrapping surface determines the fatigue life of the flexure 
due to movement. In some embodiments, flexures can be 
configured and designed to have very long fatigue life. In one 
embodiment, a device made from nitinol having a thickness 
of the flexure members that is preferably between 8% and 
10% of the bend radius of the wrapping surface, with a maxi 
mum thickness of 18% has an infinite fatigue life. In another 
embodiment, a flexure made from PEEK preferably has a 
thickness that is 4.5% to 6.4% of the bend radius, with a 
maximum thickness of 15%. In a further embodiment, a flex 
ure comprised of annealed titanium can have a thickness of up 
to 18% of the bend radius. In other embodiments, flexures can 
be configured and designed to have a finite fatigue life asso 
ciated with a predetermined range of maximum number of 
cycles of expansion and contraction. 
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6 
Flexures can exhibit either plasticity, defined as permanent 

deformation, or elasticity, essentially infinite life. Flexures 
will exhibit plasticity if the ratio of the flexure thickness to the 
bend radius exceeds the percent elongation before yield of the 
material comprising the flexure. Flexures will exhibit elastic 
ity if the ratio of the flexure thickness to the bend radius is less 
than the percent elongation before yield of the material. 
Where flexures operate elastically, they can be used in devices 
requiring repeated repositioning. Ifflexures are configured to 
operate plastically, they can Support loading of increased 
magnitude indefinitely, but should be left at a predetermined 
position and not repositioned more than a limited number of 
times. 

Referring to FIG. 5, a flexure linkage 400 according to an 
embodiment of the present invention can include a flexure 
member 402 positioned at each end of a structural member 
404 connecting the structural member 404 to a top base 406 
and a bottom base 407. This configuration essentially com 
prises a three bar linkage between the bases 406, 407, with the 
end bars (the flexure members 402) being flexible and the 
middle bar (the structural member 404) being rigid. Flexure 
linkage 400 can be used to distract top base 406 and bottom 
base 407 relative to each other. Flexure linkage 400 therefore 
includes two instantaneous axes of rotation that move along 
each flexure 402 as described above with reference to the 
fulcrum along which the flexure members bend as the linkage 
expands. The two axes of rotation are mirror images of each 
other and travel at different heights in the same plane that is 
transverse to the axes. Although flexure linkage 400 is 
depicted as having outwardly curved wrapping Surfaces 408, 
such a flexure linkage 400 employing a flexure member 402 
on each end could include wrapping surfaces of any other 
configuration. In some embodiments, wrapping Surface 408 
on top base 406 and wrapping surface 408 on bottom base 407 
can have different geometries. 
As can be seen in FIGS. 6A-6B and 7A-7B, a device 401 

can include multiple flexure linkages 400. Flexure linkages 
400 can be connected vertically between bases 406, 407 and/ 
or aligned in a row lengthwise along bases 406, 407. Flexure 
linkages 400 can also situated side-by-side across a width of 
bases 406, 407 as shown in FIGS. 8A and 8B. Such devices 
401 can include blocks 414 acting as common bases for 
vertically adjacent flexure linkages 400. Blocks 414 can be 
tapped to accommodate an expansion mechanism, such as a 
drive screw 418 (FIGS. 8A and 8B) that can be used to expand 
flexure linkages 400 and distract bases 406, 407. 

Unlike many common Scissor jacks, such as, for example, 
carjacks, device 401 can easily be distracted from its lowest, 
or most compressed, state. This is because the flexure mem 
bers 402 on each end of a given structural member 404 are 
oriented such that the tensile loads on the flexure members 
402 do not act towards each other, but instead pass by each 
other, like passing cars (see arrow A and arrow B in FIG. 8B). 
Common jacks, which do not utilize flexure members, may 
have difficulty distracting from the lowest state because the 
tensile loads can act “heads on' with each other, putting the 
device under strong internal horizontal compression but with 
out a significant force component in the vertical direction at 
the lowest state that can easily initiate distraction. The tension 
in the flexure member required to Support a compressive load 
is equal to the compressive load multiplied by the cosine of 
the angle of the rigid link divided by the sine of the rigid link. 
Because the sine of Zero degrees, the angular position of 
normal Scissorjacks in the compressed State, is equal to Zero, 
the force required for initial distraction can be effectively very 
large. The rigid links of the device of various embodiments of 
the present invention may start off in the position of Zero 
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angular position, but because the flexure members are on 
opposing sides of the rigid links the effective angular position 
is non-zero, making the force required for initial distraction 
finite and generally smaller than a conventional Scissor jack. 

Although flexure members have been described herein as 
being generally planar, flexure members can have various 
other shapes. For example, flexure members could have an 
arcuate configuration. Flexure members could also include 
lips or ridges projecting upwardly from one or more Surfaces. 
Additionally, flexure members could be curved along their 
width, creating a singularity or bias that could cause them to 
have a position, or positions, in which they are inclined to 
reside throughout the normal range of motion. 

In some embodiments, flexible joint arrangements and 
devices employing flexible joint arrangements according to 
embodiments of the present invention can comprise a one 
piece unitary body. This provides great cost savings over 
devices that require multiple pieces to be separately manu 
factured and assembled. In one embodiment, the device can 
be manufactured using wire or sinkedm. In another embodi 
ment, the device can be manufactured using three-dimen 
sional printing techniques or the like. In some embodiments, 
portions of the flexible joint arrangements and devices, such 
as the flexure members, blocks and backstops, for example, 
can be machined separately and welded or otherwise attached 
to the device. 

Flexible joint arrangements as disclosed herein and devices 
utilizing flexible joint arrangements can be constructed in 
various sizes, including, macro, micro, and nano sized appli 
cations. 

In one embodiment, flexures on a macro scale may be made 
of a different material or made with a different material treat 
ment than the rest of the structure and then affixed in position 
with welding, adhesives, or mechanical fasteners. In some 
embodiments, the flexures may be configured in a nesting 
geometry. The material from which the flexures are made 
could be cold rolled to improve its fatigue properties and then 
installed in the device. 

In another embodiment, flexures on a macro scale could be 
laminated beams with a core of a stiff material, a softer 
material, or no material. Such lamination and material varia 
tion through the flexure itself would lead to precise control 
over the strength and fatigue properties of the flexures and the 
device employing the flexures. Specifically, a laminated beam 
having a soft core or no core at all would allow the flexure to 
get thinner as it bent further around the Support structure, 
maintaining the operation of the flexure in the elastic region 
of the material from which it is made. 

In another embodiment, in a device on a macro scale the 
surfaces against which the flexures roll could be machined 
and affixed such that the effective kerf at the instantaneous 
centers of rotation is effectively zero in the unloaded state. 
This would be advantageous because it would minimize the 
local stresses with the flexure and the structure, resulting in a 
stronger device, capable of greater fatigue life. 

Flexures on a macro scale could also be layered with the 
same or different materials such that if one layer were to 
crack, the crack would not propagate through to the next 
layer. 
On a micro scale, flexures could be manufactured with a 

layering process that would allow for different levels of the 
flexure to be doped with different materials enhancing the 
strength or fatigue properties of the flexure at different levels. 
For example, ifsintering were used, Ti 6A14V Standard could 
be used for the main body of the flexure, while Ti 6Al 4V ELI 
could be used to create Surface features given that the standard 
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8 
form of titanium has improved smooth fatigue properties and 
the ELI form of titanium has improved notched fatigue prop 
erties. 
On the nano Scale, many similar doping or material 

manipulation properties would also be available. Addition 
ally ion intercalation could be used to move the blocks closer 
together or farther apart, resulting in what could be a chemi 
cally actuated device, sensor, or valve. 

In all scales, the flexure itself could be replicated, mirrored, 
multiplexed, rotated, extruded, or revolved to create further 
novel structures or flexures. 

Various embodiments of systems, devices and methods 
have been described herein. These embodiments are given 
only by way of example and are not intended to limit the scope 
of the present invention. It should be appreciated, moreover, 
that the various features of the embodiments that have been 
described may be combined in various ways to produce 
numerous additional embodiments. Moreover, while various 
materials, dimensions, shapes, etc. have been described for 
use with disclosed embodiments, others besides those dis 
closed may be utilized without exceeding the scope of the 
invention. 

The invention claimed is: 
1. A flexible joint, comprising: 
a base; 
a structural member; 
a flexure member connecting the structural member to the 

base that rotates to allow movement of the structural 
member relative to the base, wherein the base, structural 
member, and flexure member comprise a unitary one 
piece monolithic body; and 

a wrapping Surface defined in the base, the wrapping Sur 
face providing a guide for rotation of the flexure member 
that defines a traveling instantaneous axis of rotation 
about which the flexure member rotates that moves 
along a path defined by an interface of the flexure mem 
ber and the wrapping Surface as the flexure member 
rotates, wherein each point along the flexure member 
has a radius of curvature that changes only in discrete 
quantum steps without reversing from either a positive 
radius of curvature or a negative radius of curvature to 
the other of a positive radius of and a negative radius of 
Curvature. 

2. The flexible joint of claim 1, wherein the wrapping 
Surface has a cross-sectional shape selected from the set con 
sisting of concave, convex, and flat. 

3. The flexible joint of claim 1, wherein the flexure member 
is selected from the group consisting of a band flexure, a 
circular flexure, an elliptical flexure and a leaf flexure. 

4. The flexible joint of claim 1, where the flexure member 
rotates elastically. 

5. The flexible joint of claim 1, wherein the flexure member 
rotates plastically. 

6. The flexible joint of claim 1, wherein the wrapping 
surface provides a guide for rotation of the flexure member by 
interfacing with the flexure member as the flexure member 
rotates Such that a portion of the flexure member contacting 
the wrapping Surface conforms to a shape of the wrapping 
Surface. 

7. A flexible joint, comprising: 
a top base and a bottom base; 
a structural member disposed intermediate the top base and 

the bottom base; and 
a pair of flexure members, each flexure member connecting 

the structural member to one of the top base and the 
bottom base, 



US 9,381,092 B2 

wherein at least one of the top base and the bottom base 
defines a wrapping surface that provides a guide for 
rotation of a corresponding flexure member by interfac 
ing with the flexure member as it rotates, 

the flexure members configured to rotate the structural 
member to expand the top base and bottom base relative 
to each other, wherein the flexure members each define 
a traveling instantaneous axis of rotation about which 
the corresponding flexure member rotates that moves 
along the flexure members as the flexure members rotate 
as the top base and bottom base are moved relative to 
each other such that the axes of rotation of each flexure 
member travel at different heights within a plane defined 
transverse to the axes without overlapping as the top 
base and bottom base are axially expanded and con 
tracted relative to each other. 

8. The flexible joint of claim 7, wherein the wrapping 
surface defines a radius of curvature of at least a portion of the 
flexure member attached to the at least one of the top base and 
the bottom base as the top base and bottom base are moved 
relative to each other, wherein the wrapping surface interfac 
ing with the flexure member comprises the flexure member 
conforming to a shape of the wrapping surface. 

9. The flexible joint of claim 7, wherein the wrapping 
Surface has a cross-sectional shape selected from the set con 
sisting of concave, convex, and flat. 

10. The flexible joint of claim 7, wherein the flexure mem 
ber is selected from the group consisting of: a band flexure, a 
circular flexure, an elliptical flexure and a leaf flexure. 

11. The flexible joint of claim 7, wherein the top base and 
the bottom base each define a wrapping surface having a 
geometry that is different from the geometry of the other 
Wrapping surface. 

12. The flexible joint of claim 7, wherein the interfacing of 
the wrapping surface with the flexure member results intrans 
lational movement of the structural member. 

13. A flexible joint arrangement, comprising: 
a first base and a second base connected to each other by a 

flexure member that rotates to allow the first base and the 
second base to expand relative to each other; and 

a wrapping surface defined in each of the first base and the 
Second base, each wrapping surface providing a guide 
for rotation of the flexure member and defining a radius 
of curvature of at least a portion of the flexure member as 
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the flexure member is rotated to expand the first base and 
the second base relative to each other, wherein the wrap 
ping surface defined by the first base and the wrapping 
Surface defined by the second base are asymmetric with 
respect to each other, and wherein each wrapping sur 
face provides a guide for rotation of the flexure member 
by interfacing with the flexure member as the flexure 
member rotates such that a portion of the flexure mem 
ber contacting the wrapping surface conforms to a shape 
of the wrapping surface, 

wherein a traveling instantaneous axis of rotation of the 
flexure member moves along a path defined by an inter 
face of the flexure member and the wrapping surfaces of 
the first and second base as the flexure member rotates. 

14. The flexible joint arrangement of claim 13, wherein as 
the flexure member rotates, a radius of curvature along one or 
more portions of the flexure member transition from a first 
radius of curvature defined by the shape of the wrapping 
surface of the first base to a second radius of curvature defined 
by the shape of the wrapping surface of the second base. 

15. The flexible joint arrangement of claim 14, wherein the 
first radius of curvature and the second radius curvature both 
define either a positive curvature or a negative curvature rela 
tive to an axis of rotation of the flexure member. 

16. The flexible joint arrangement of claim 13, wherein a 
radius of curvature at any given location along a length of the 
flexure member as the flexure member rotates is defined only 
as either a first radius of curvature defined by the shape of the 
Wrapping surface of the first base or a second radius of cur 
Vature defined by the shape of the wrapping surface of the 
second base. 

17. The flexible joint arrangement of claim 13, wherein all 
portions of the flexure member that are located to one side of 
the instantaneous axis of rotation of the flexure member have 
a first radius of curvature defined by the first base and all 
portions of the flexure member that are located to an opposing 
side of the instantaneous axis of rotation of the flexure mem 
ber have a second radius of curvature defined by the second 
base at any given point during rotation of the flexure member. 

18. The flexible joint arrangement of claim 13, wherein the 
interfacing of the wrapping surfaces with the flexure mem 
bers results in translational movement of at least one of the 
first base and the second base. 


